Abstract Several surgical and/or medical emergencies/ urgencies may occur in gynecologic patients and in pregnant women during the first trimester. Particularly, ectopic pregnancies, ruptured or hemorrhagic ovarian cysts, ovarian or adnexal torsions, threatened or inevitable miscarriages, phlogistic gynecological disorders, complications involving the uterine fibroids, endometriosis, and spontaneous uterine rupture are possible acute complications. The diagnosis is suspected on the basis of symptoms (acute pelvic and/or abdominal pain, with or without vaginal bleeding or discharge, until acute abdomen with peritonitis), by means physical evaluation (abdominal, pelvic, and bimanual gynecological examinations), by means of transabdominal (TAS) and/or transvaginal (TVS) sonography, and laboratory tests. However, the diagnosis is often not that simple, especially when the symptoms and clinical signs are minimal, and ultrasound (US) examination is not diriment. The differential diagnosis of abdominal/pelvic pain is broad and includes primarily gastrointestinal and urogenital disorders. Generally, TAS should usually be used in conjunction with TVS for evaluation of the female pelvis. If the US examination is not conclusive, CT or MRI, especially in pregnant patients, should be considered.
Introduction
Several surgical and/or medical emergencies/urgencies may occur in gynecologic patients and in pregnant women during the first trimester. Particularly, ectopic pregnancies, ruptured or hemorrhagic ovarian cysts, ovarian or adnexal torsions, threatened or inevitable miscarriages, phlogistic gynecological disorders-as pelvic inflammatory disease (PID), acute salpingitis, tubo-ovarian abscess (TOA), and pyosalpinx-complications involving the uterine fibroids-including degenerative changes, process of expulsion of a submucous pedunculated myoma, torsion of a pedunculated subserous myoma, and acute vaginal or intra-peritoneal hemorrhage-endometriosis, and spontaneous uterine rupture are possible acute complications [1, 2] . Classically, the patient comes to the observation because of acute pelvic and/or abdominal pain, with or without vaginal bleeding or discharge, until acute abdomen with peritonitis. The diagnosis is suspected on the basis of symptoms, and made by means of physical evaluation, including abdominal, pelvic, and bimanual gynecological examinations, of transvaginal (TVS) and/or transabdominal (TAS) sonography, and laboratory tests. However, the diagnosis is often not that simple, especially when the pain is minimal, the patient is hemodynamically stable, and ultrasound (US) examination shows no obvious ectopic implantation of pregnancy or adnexal/pelvic mass. The differential diagnosis of abdominal/pelvic pain is broad and includes primarily gastrointestinal and urogenital disorders, as acute appendicitis, acute cholecystitis, diverticulitis, bowel obstruction, perforated ulcers, pyelonephritis, and neoplastic processes [1] . Generally, TAS should be the sonographic technique for initial evaluation of the female pelvis, followed by TVS if indicated (gynecologic diseases), and when TAS is not conclusive. TVS should usually be used in conjunction with TAS. If the US examination is nondiagnostic, CT or MRI, especially in pregnant patients, should be considered. If gynecologic cause of pelvic pain is confirmed, other imaging studies might be unnecessary, thereby reducing cost, and adverse complications of CT (contrast material reactions, and radiation exposure) [3] [4] [5] .
Ectopic pregnancy
The incidence of ectopic pregnancy (EP) is rising, largely due to increase of pelvic inflammatory disease (PID), of cesarean delivery (CD) rate, of assisted reproductive technologies (ART). The tubal pregnancy is the most common form of EP. Other possible and more rare localizations are the implantations within interstitial portion of the fallopian tube (interstitial pregnancy), the scar of a previous cesarean delivery (cesarean scar pregnancy, CSP), the cervix (cervical pregnancy), the ovary (ovarian pregnancy), or very rarely in the extragenital site, pelvic or abdominal (bowel or other). Embryo (and/or yolk sac) may be visualized, viable or not. Twin ectopic pregnancies were described [6, 7] . In few cases, the EP may coexist with an intrauterine pregnancy (heterotopic pregnancy). TVS has been shown to be superior to TAS when EP is suspected [1, 3] .
The suspicion and diagnosis of tubal pregnancy (TP) is based on menstrual and medical history (last menstrual period, previous PID, previous TP, use of intrauterine device (IUD), previous abdominal/pelvic surgery, endometriosis, etc.), as well as physical, US and laboratory [quantitative serum beta-human chorionic gonadotrophin (beta-hCG) levels] findings. The clinical pattern is characterized by pelvic pain associated with amenorrhoea, with or without vaginal bleeding. TVS can show an empty uterine cavity with endometrial thickness of less than 8 mm, unspecific adnexal mass or gestational sac with or without embryo, with ''tubal ring sign'' (Fig. 1) , and free or clotted fluid in the pelvis/abdomen, in case of TP rupture. The ''tubal ring sign'' appears as peritrophoblastic ringshaped flow by Color Doppler examination [1] . US diagnosis of EP should be based upon the visualization of an adnexal mass rather than the absence of an intrauterine gestational sac. When serum beta-hCG concentrations are below the discriminatory zone-the range of beta-hCG above which a gestational sac can be visualized consistently by TVS (1,000-2,000 IU/L)-and no intrauterine (IUP) or extrauterine pregnancy is seen, the pregnancy is defined unknown localization (PUL) [1, 8, 9] . PUL may result in spontaneous miscarriage, possible EP, or IP, according to beta-HCG trend [8] . Tubal pregnancy can be managed by laparoscopic or laparotomic surgery, medically, and selectively by observation alone [9, 10] .
CSP is diagnosed by TVS when a gestational sac embedded in the hysterotomy scar is detected, and a triangular (B8 weeks) or rounded/oval (C8 weeks) gestational sac fills the niche of the scar; in the presence of a thin (1-3 mm) or absent myometrial layer between the gestational sac and the bladder; in the presence of a closed and empty cervical canal; in the presence of a prominent and at times rich vascular pattern in the area of a CD scar [11, 12] .
Interstitial pregnancy should not be confused with the angular or cornual pregnancy because clinical findings, management and outcomes are different. Angular pregnancy is an intrauterine pregnancy implanted in one lateral angle of the uterine cavity, that leads to asymmetric and symptomatic enlargement of the uterus, and that, under laparoscopic vision, appears as a bulge in one uterine angle, medially to the round ligament. Indeed, the cornual pregnancy is a pregnancy in a horn of a bicornuate uterus, where the clinical outcome depends on the size of the involved horn. Interstitial pregnancy is an ectopic pregnancy that is implanted in the interstitial portion of the fallopian tube, which is the tract originating at the tubal ostium and traversing the muscular wall of the uterus. Under laparoscopic vision interstitial pregnancy appears lateral to the round ligament. The interstitial pregnancy may remain asymptomatic until 7-16 weeks of gestation [13] because of the proximal segment of the tube, as surrounded by muscle, has a significantly greater capacity to expand before rupture than the distal tubal tract. The main complication is a conspicuous bleeding also due to presence of the vascular anastomosis of the uterine and the ovarian arteries in this region, with consequent possible hysterectomy. An early diagnosis before rupture and treatment is fundamental to reduce morbidity and mortality, and to maintain fertility. Sonographic features include a bulky uterus and an empty uterine cavity, a gestational sac lateral to the uterine fundus and an echogenic line of myometrium around the superolateral portion of the sac. The suspicion is very high when risk factors, such as previous EP, previous salpingectomy or tubal ligation, conception after in vitro fertilization (IVF), and history of sexually transmitted disease (STD)/PID, are present. It may occur with abdominal pain and, less commonly than in other forms of ectopic pregnancy, vaginal bleeding in the first trimester of pregnancy [14] .
Heterotopic pregnancy is a potentially fatal condition, frequently occurring after controlled ovarian hyperstimulation (COH), (IVF) and embryo transfer, intrauterine insemination (IUI), or more rarely in natural conception cycles [15] . Several localizations of heterotopic pregnancy were reported, as mostly tube [6, 15] , or cesarean scar [16, 17] , cervix [18] , and even spleen [19] . Cases of twin heterotopic pregnancy were described [6] .
Miscarriage
Threatened miscarriage, inevitable miscarriage, incomplete miscarriage are other situations that may require an urgent or emergent intervention because of persistent excessive bleeding, infected retained tissue (sepsis), and in case of suspected gestational trophoblastic disease [20] . The diagnosis is performed by clinical findings (vaginal bleeding, pelvic pain), physical examination, TVS, beta-HCG assay, and laboratory tests. Incomplete abortion is visualized as thickened and irregular endometrial echo, eventually richly perfused by Color Doppler US, with certain amount of intracavitary fluid.
Adnexal torsion
Adnexal torsion is considered a true gynecologic emergency. It may involve ovary, fallopian tube, or both and is due to partial or complete twisting of the vascular pedicle, which results venous, arterial, and lymphatic obstruction until ovarian necrosis. The right adnexa is most commonly involved, probably because of the longer utero-ovarian ligament than the left, and the resulting hypermobility. The left adnexa is less mobile because of the presence of the sigmoid colon, which reduces the space needed for torsion [1] . Adnexal torsion can occur at any age. It is estimated that 70-80 % of adnexal torsions occur in women of reproductive age, and 12-25 % of women with torsion are pregnant [21] . It is commonly associated with an increase of the ovarian size and weight. Ovarian mass, as luteal cyst, teratoma, serous or mucinous cystadenoma, or COH, particularly in the presence of ovarian hyperstimulation, are risk factors for adnexal torsion (Fig. 2) [1] . In a relatively large series, most of ovarian masses (50 %) were mature cystic teratomas and corpus luteal cysts [27] . Unilateral abdominal pain, typically in the lower quadrant, is the most common symptom; occasionally nausea and vomiting may occur; mild leukocytosis and fever may be present. As the absence of specific symptoms, clinical features, and laboratory markers, which may mimic those of appendicitis, PID, TOA, EP, adnexal or pelvic cyst, or clear sonographic signs, definitive diagnosis is achieved by surgery. US imaging may reveal enlarged, cystic, and sometimes edematous ovaries (edematous stroma with peripheric follicles), abnormally positioned in the pouch of Douglas, anterior to the uterus or in the contralateral side, and, eventually, pelvic free fluid, due to infarction and hemorrhage. Doppler blood flow may be abnormal or normal. The ''whirlpool sign'' was described as direct sonographic sign of adnexal torsion. It refers to the appearance of the ovarian supporting system (ovarian ligament or In fact, the twisting of the ovary and the tube around its own ligamentous support may cause ovarian tissue congestion due to decreased venous return, which is followed by partial or complete arterial occlusion, leading to ischemia and eventually to ovarian necrosis. The degree of vascular compromise and the rapidity of achieving detorsion may play a role in preserving the ovary [1, [22] [23] [24] [25] [26] [27] [28] .
Rupture or hemorrhage of ovarian cyst
In addition, massive rupture or hemorrhage of an ovarian cyst can present as an emergency requiring immediate surgical intervention. Hemorrhagic ovarian cysts, generally functional, as corpus luteum cysts, occur most commonly in reproductive age women, in luteal phase of the menstrual cycle, or during the first trimester in pregnant women [1] . Acute abdominal pain is the main symptom in case of ruptured or hemorrhagic ovarian cyst, with or without signs of hemodynamic instability (hypotension, tachycardia, and decreased hematocrit). TAS or TVS may reveal initially anechoic cyst, then as the blood begins to clot, internal fluid may appear with a reticular ''spider-web'' appearance (Fig. 3) . Fluid-fluid or fluid-debris levels within the cyst and a peripheral ''ring of fire'' flow may be present. Intraperitoneal fluid, due to haematic effusion, may be liquid or clotted, and blood clots may be visualized as rounded, hyperechoic, and avascular masses, without peristalsis, distinguishing from bowel loops. Sometimes, the cyst wall may be collapsed, particularly in case of massive hemoperitoneum. When the diagnosis is unclear, CT imaging may be used, once excluded a pregnancy, or eventually RMI [1] .
Adnexal mass in pregnancy
Adnexal masses may occur in pregnant women [29, 30] . Most of these are diagnosed incidentally during screening first trimester ultrasound and occasionally occur with torsion (1-22 %), or rupture (0-9 %), becoming an emergency, due to acute abdomen, more frequently in the first and early second trimesters. The most common ovarian masses in pregnancy are functional cyst, as corpus luteum (13-17 %) , and other benign masses, such as cystic teratoma (7-37 %), serous cystadenoma (5-28 %) and mucinous cystadenoma (3-24 %), endometrioma (0.8-27 %), paraovarian cysts (\5 %), leiomyoma (1-2.5 %), and ovarian malignancy (1-8 %) [22] . Malignant ovarian tumors and endometriomas are rarer causes due to adhesions or invasion of the neighboring tissues. Adnexal mass may be palpated on examination, but the diagnosis, the definition of its morphology and the stratification of risk may be made by means TVS and TAS [31] [32] [33] .
Pelvic inflammatory disease and tubo-ovarian abscess PID is an infection and inflammation of the upper female genital tract (cervix, fallopian tubes, and endometrium), due to an ascending infection from the lower genital tract, common complication of STD. The signs and symptoms of PID can be vague and nonspecific, including mostly abdominal pain, nausea and vomiting, mucopurulent vaginal discharge, abnormal vaginal bleeding, eventually fever, leukocytosis, elevated C-reactive protein, and CA-125. Peritonitis may also be present. The lack of specific symptoms can determine a failure/delay diagnosis. TOA is a serious complication of PID, and may be the result of nongynecologic diseases, as diverticulitis, appendicitis, inflammatory bowel disease, and surgery [1] . US is the diagnostic imaging modality of choice for PID and TOA. Sonographic markers of tubal inflammatory disease are the shape, the wall structure and thickness, ovarian involvement, and the presence of fluid. Inflamed fallopian tubes on longitudinal section may be pear-shaped, ovoid, or retort-shaped structure containing sonolucent or low-level echoes. Incomplete septa originate as a triangular protrusion from one of the walls, but do not reach the opposite wall. ''Cogwheel'' sign, defined as a sonolucent cogwheel-shaped structure visible in the crosssection of the tube with thick walls, and ''beads on a string'' sign, defined as hyperechoic mural nodules (2-3 mm) on the cross-section of the fluid-filled distended structure, may be present. Walls may be thick (C5 mm) or thin (\5 mm). Ovary may appear normal and distinctly identified, or may be involved. Ovaries and fallopian tubes may be identified, but the ovaries cannot be separated when the tube is pushed with the vaginal probe (tubo-ovarian complex). These features may be associated with clinical signs and symptoms of acute PID. In case of TOA, the adnexa appears as a conglomerate in which neither the ovary nor the tube can be separately recognized as such. The fluid may be present as free or in the shape of a pelvic peritoneal inclusion cyst in the cul-de-sac, with thin adhesions between the different organs in the pelvis, without tenderness with touch of the vaginal probe or clinical signs and symptoms of an acute illness [34] . CT scanning can be used, especially during the acute presentation when the diagnosis may be unclear and other intraabdominal pathology may be suspected [35, 36] .
Uterine fibroids
Uterine fibroids may be symptomatic, resulting in pelvic pain or pressure and urinary or bowel symptoms. In addition, fibroids can rupture, hemorrhage, or twist acutely [2] .
In conclusion, acute pelvic and abdominal pain is a generic symptom. In the female patient pregnancy should be excluded. However, also in pregnant women the differential diagnosis with other gynecologic disorders (as PID, acute salpingitis, pyosalpinx, TOA, endometriosis, ruptured or hemorrhagic ovarian cyst, ovarian torsion, torsion or degeneration of a uterine fibroid, spontaneous uterine rupture), with gastrointestinal disorders (as acute appendicitis, which is the most common cause of nongynecologic pelvic pain, acute cholecystitis, diverticulitis, bowel obstruction, and perforated ulcers), with urogenital disorders (as pyelonephritis), and with neoplastic processes should be made [1] .
